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Different types of central bank insolvency and
the central role of seignorage∗
Ricardo Reis
Columbia University
May, 2015
Abstract
A central bank is insolvent if its plans imply a Ponzi scheme on reserves so the
price level becomes infinity. If the central bank enjoys fiscal support, in the form of a
dividend rule that pays out net income every period, including when it is negative, it
can never become insolvent independently of the fiscal authority. Otherwise, this note
distinguishes between intertemporal insolvency, rule insolvency, and period insolvency.
While period and rule solvency depend on analyzing dividend rules and sources of
risk to net income, evaluating intertemporal solvency requires overcoming the difficult
challenge of measuring the present value of seignorage.
JEL codes: E42, E58, E59.
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1 Introduction
There is no bankruptcy procedure for a central bank, that is, there is no institution that
will judge if a central bank’s debts exceed its liabilities and force it to reorganize or to be
liquidated. Moreover, if any private agent wants to settle a claim that it has on the central
bank, or is willing to sell it a good or asset, then as long as the claim or price are denominated
in units of currency, the central bank will always be able to pay. The central bank can print
currency, which is legal tender to settle any debts and buy any goods.
These two observations are correct and important. Yet, they have led far too many
commentators and researchers to jump to the conclusion that a central bank cannot become
insolvent. Like any other economic agent, central banks face a resource constraint that limits
their actions. Central banks may be able to print money, but they cannot conjure up free
lunches.
If the central bank makes plans that involve using more resources than the ones that it
has available, the central bank will be insolvent. Just like a consumer in standard economic
theory, this insolvency will reflect itself in the central bank trying to run a Ponzi scheme.
The only way to indefinitely persist in using more resources than the ones that are available
is to borrow from other agents and keep on rolling over this debt. Yet, being offered this
deal, no other agent will choose to accept it. The real value of a bond behind a Ponzi scheme
is zero.
What is special about central banks is that their liabilities, currency and reserves, define
the unit of account in the economy. A unit of reserves that is deposited by commercial banks
in the central bank can at any point be redeemed for a unit of currency that is worth $1.
Therefore, the real value of a unit of reserves is the inverse of the price level. Insolvency
then means that reserves and currency denominated in the old unit of account become
worthless, or that there is hyperinflation and/or currency reform. The unexpected burst
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in inflation, or the conversion rate between old and new currency after a currency reform,
are the counterparts of the recovery rate on debt in an insolvency process. Insolvency of a
central bank is then not just theoretically possible: it is also frequent in practice across the
world, as attested by the multiple currency reforms that have taken place.
2 Fiscal support, fiscal backing, and central bank in-
dependence
A central bank is just one of many government agencies. Insofar as its liabilities are supported
by the fiscal authorities, the central bank cannot be insolvent separately from the solvency
of the overall government.
To give an example, the Department of Transportation (DoT) in most countries uses
many resources and generates very few. Yet, every year, the Treasury provides fiscal support
by transferring the needed resources to the DoT. The DoT is never insolvent separately from
the Treasury, since whatever debts it takes on will be honored by the Treasury.
Likewise, a central bank that enjoys fiscal support will never be insolvent separately from
the Treasury. Most of the time, the central bank earns a profit and rebates it in full to the
Treasury. Other times, it will make losses, but as long as the Treasury likewise transfers the
amount in loss to the central bank, the central bank is never independently insolvent.
Fiscal support is not the same as fiscal backing, as Del Negro and Sims (2015) emphasize.
The latter refers to fiscal policy being set in a way that is consistent with the central bank’s
pursuit of its inflation target. A long literature has established time and again (Woodford,
2003) that for the price level to be uniquely determined requires a minimum amount of
backing by the fiscal authorities, in the sense of adjusting primary surpluses to pay down
existing nominal debts in a way that is consistent with the inflation target of the monetary
authorities. Whether there is fiscal backing or not, there may or may not be fiscal support.
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One way to ensure fiscal support is to follow the example of the Bank of England in 2009,
and have the central bank hold its risky assets in an account that is fully indemnified by the
Treasury. This way, losses are automatically borne by the Treasury. Another, more general
way, is to adopt a central bank charter that allows for negative dividends. Either way, these
should not be mischaracterized as recapitalizations of a weak central bank that is no longer
independent from the Treasury. As long as there is a clear rule that is automatically applied,
without relying on discretionary transfers from the Treasury, then a fiscally supported central
bank is solvent.
In principle, it could be hard to characterize the rule or evaluate circumstances under
which a central bank is solvent. However, Hall and Reis (2015) prove that there is a clear
rule that ensures solvency, and that it is quite close to the existing charter of many central
banks. It simply states that every period the central bank should calculate its net income,
marking assets to market, and rebate it in full to the Treasury if it is positive, or receive a
transfer in this amount from the fiscal authority if it is negative. The Federal Reserve or the
ECB already follow this rule when it comes to rebating positive net income every year, but
the extent to which the fiscal authorities are committed to transfers that cover episodes of
negative net income is less clear. Therefore, the fiscal support of these major central banks
is currently incomplete, and their solvency is, at least theoretically, potentially at risk. The
literature on this topic has discussed different forms of insolvency.
3 Three types of insolvency: period, rule, and intertem-
poral
Without fiscal support, a central bank is insolvent whenever its actions lead to explosive
growth in reserves, violating a no-Ponzi scheme condition. Still, depending on how fiscal
support is limited, there can be different types of insolvency.
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It will be useful to introduce some notation. Following Reis (2013), we can write the
resource constraint of the central bank at date t+ 1 as:
ht+1 + vt+1 = ht + (1 + it)vt + at −
J∑
j=1
(1 + ijt+1)a
j
t + pt+1dt+1 + xt+1, (1)
where ht is currency and non-interest paying required reserves, vt are interest-paying excess
reserves that remunerate banks at the safe rate it, a
j
t are the central bank holdings of poten-
tially J different assets each earning a risky return ijt+1 with their total amount at =
∑
j a
j
t .
Then, dt is the real dividend paid to the Treasury, and xt+1 are the nominal expenses of
running the central bank.
The no-Ponzi scheme condition on reserves states that:
lim
T→∞
Et
[
mt,T
(
aT − vT
pT
)]
≥ 0, (2)
where mt,t+j is the stochastic discount factor that at date t values real payoffs at date t+ j.
3.1 Period insolvency
Imagine that the central bank records a negative net income in a period. If the Treasury
refuses to make a transfer in that amount, then the central bank must borrow the amount
of this loss via extra reserves. When the central bank next earns a positive net income, it
would like to use it to retire those extra reserves. But, if the Treasury demands to be paid,
then reserves will drift to infinity, and the central bank will be insolvent.
This result, due to Hall and Reis (2015), shows that with this extreme lack of fiscal
support, the central bank will become insolvent as soon as it records even one year of
negative net income. When does this happen?
Under the textbook model of a central bank, that issues no reserves and holds no assets
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(at = vt = 0), net income every period is just equal to seignorage minus expenses:
dt+1 =
ht+1 − ht − xt+1
pt+1
. (3)
While in any given week or month, this may be negative, in the space of a year it rarely is.
The amount of currency in circulation has a trend growth rate and this ensures a positive
steady flow of seignorage.
Before the financial crisis, the Federal Reserve almost entirely held as assets safe short-
term government bonds, and conducted open-market operations exchanging reserves or cur-
rency for bonds, so that the difference at − ht − vt was roughly constant. In that case:
pt+1dt+1 = it(at − vt)− xt+1. (4)
Since the expenses of the central bank are typically negligible, even with a relatively
small balance sheet, dividends are always positive. This convention leads also to a simple
and transparent rule, where the central bank rebates to the Treasury every year the interest
that it earns on its holdings of Treasury bonds minus reserves after deducting expenses.
However, under new-style central banking, central banks hold assets that are of longer
maturity, can default, or are denominated in foreign currency. These expose the central bank
to interest rate, default or currency risk, respectively. Hall and Reis (2015) show that net
income can then easily be negative, and give a few examples. For the Fed, this might happen
when interest rates rise at the end of a crisis, causing a capital loss on bond holdings. For the
ECB, it might happen if some of the government bonds that it holds unexpectedly default
on their coupon or principal payments. And for the central banks of small open economies,
it may happen in the course of defending an exchange rate peg.
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3.2 Rule insolvency
Hall and Reis (2015) instead define insolvency in terms of whether the central bank can stay
committed to the rule for dividends in its charter without reserves exploding. This may be
equivalent to period insolvency if the rule implies that dividends can never be negative, the
extreme lack of fiscal support case that I just explained. But it is more general than that,
and more grounded to the key concept of fiscal support, by emphasizing the role of the rule
for dividends that fiscally connects the central bank and the Treasury.
The Federal Reserve’s rule allows it to run a deferred account, whereby periods of negative
net income are recorded into the account, and the Fed can withhold payments to the Treasury
when positive net income resumes, until the account is drawn down to zero. Hall and Reis
(2015) show that in this case, the balance in the deferred account, or the number of years
that are expected to take for its balance to get to zero, are two useful quantifiable measures of
central bank solvency. Hall and Reis (2015) and Carpenter et al. (2015) provide simulations
for the Federal Reserve suggesting that it seems far from being insolvent.
3.3 Intertemporal insolvency
Reis (2013) instead proposed measuring solvency from an intertemporal perspective. Iterat-
ing equation (1) forward to infinity and using the no-Ponzi scheme condition (2) gives the
intertemporal budget constraint:
Et
∞∑
j=1
mt,t+jdt+j ≤ at
pt
− vt + Et
∞∑
j=1
mt,t+jst+j. (5)
On the left-hand side is the present value of dividends, which is bounded above by the value
of the balance sheet capital of the central bank (assets minus reserves) plus the present value
of seignorage.
Reis (2013) then defines a central bank to be solvent as long as the present value of its
6
dividends to the Treasury is non-negative. This is the approach also followed by Bassetto
and Messer (2013), Del Negro and Sims (2015), and Hilscher, Raviv and Reis (2015). It is
equivalent to rule-solvency in the extreme case when the deferred account’s limit is equal
to the right-hand side of equation (5). Similarly, if the central bank can engage in creative
accounting in calculating its net income so that it turns any positive present value into an
infinite stream of non-negative payoffs, then it is equivalent to period solvency. But more
generally, a central bank may have occasional periods of negative net income, and may
deviate from its charters’ rule while still remaining intertemporally solvent.
3.4 Which of these three definitions is the right one?
There is no simple answer to this question. It depends on what are the relevant political
constraints. If the central bank has full fiscal support, any one of the definitions above
applies: the central bank is always solvent. At the next level, if the Treasury only demands
that the central bank does not need fiscal support intertemporally, but is willing to support
it at any date and allow it to deviate from the charters’ rule, then intertemporal solvency
is the adequate constraint. Further, if the Treasury requires that the rules are followed,
otherwise threatening the independence of the central bank, then it is rule solvency that
applies. And finally, if the Treasury always demands to be paid in full when there is positive
net income, then it is the very strict period solvency that is applicable.
Importantly, none of these definitions is more economic or better grounded in economic
theory or principles than the others. They each correspond to different situations in terms
of the political economy between the central bank and the Treasury.
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4 The central role of seignorage
The upper bound on intertemporal solvency is the sum of balance sheet capital and the
present value of seignorage. Balance-sheet capital is quite small for most central banks, so
the key term is seignorage.
4.1 How large is the present value of seignorage?
Del Negro and Sims (2015) take a simple and transparent approach to answer this question
(see also Buiter, 2014). Given their estimates of the demand for currency, average seignorage
is 0.23% of GDP per year. Assuming the economy is in a steady state with fixed velocity,
seignorage will be constant. Thus, its present value is just 0.23% divided by the rate at
which future payoffs are discounted.
In a Ramsey economy with log preferences, the discount rate in steady state is equal to
the real interest rate minus the constant growth rate of aggregate consumption. Del Negro
and Sims (2015) calibrate the real interest rate to 2% and the growth rate of the economy
to 1.75%. As a result, their estimate of the present value of seignorage is 94% of GDP. With
these large resources at its disposal, and less than 15% of GDP in outstanding reserves, even
in the most extreme scenarios it is hard for the central bank to ever become intertemporally
insolvent.
However, how reliable is this estimate? Figure 1 plots the transfers from the Fed to the
Treasury, between 1960 and 2013, as a ratio of GDP. They averaged 0.28% of GDP, but
they were as high as 0.45% of GDP in 1982 and as low as 0.12% in 1961. Moreover, there
are clear trends in the figure across decades. Assuming a constant value from the present to
the indefinite future is only a first pass for a needed more careful study of the properties of
seignorage over time.
Moreover, the assumption of a discount rate for future payoffs of 0.25% is admittedly
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Figure 1: Dividends from the Fed to the Treasury (% of GDP)
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low. Common textbook assumptions (Barro and Sala-i-Martin, 2003) assume instead that it
equals 5%. Taking into account the effect of taxes on capital income, points instead to 2%
as a reasonable number for the discount rate (Reis, 2009). The first would cut the present
value of seignorage to 5% of GDP, and the second to 12%. Moreover, by ignoring that the
seignorage payoffs are uncertain and using a safe real return to discount them, all of these
calculations overstate the proper risk-adjusted present value of seignorage.
Hilscher, Raviv and Reis (2015) provide a more recent set of estimates. They do not as-
sume a constant real interest rate but instead measure stochastic discount factors at different
horizons using options contracts on inflation. Also, they do not assume fixed seignorage or
velocity, but use U.S. data to estimate seignorage functions under different identifying as-
sumptions. They provide a range of estimates, but almost all are significantly lower than
the value of GDP.
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Figure 2: Different models of seignorage (% of GDP) against inflation
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4.2 How does seignorage depend on inflation?
As the economy goes through inflation episodes, the present value of seignorage will fluc-
tuate. As a result, the intertemporal solvency of the central bank may sometimes be at
risk, depending on the current and expected future values of inflation, including possible
“inflation scares”.
To pin down these variations, one would need to pin down how seignorage varies with
inflation. Yet, this is even harder than pinning down the present value of seignorage. Figure
2 plots data on annual seignorage against inflation for the United States, together with four
fitted models: (i) the one in Del Negro and Sims (2015) that comes from a linear relation
between the level of inverse velocity on log interest rates; (ii) an alternative (and common)
log-log specification where log inverse-velocity depends linearly on the log of interest rates
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(Lucas, 2000); (iii) an also common semi-log specification, where log velocity depends linearly
on the level of interest rates (Ball, 2001); and (iv) a specification from a least squares
regression of seignorage on leads and lags of inflation in the spirit of Hilscher, Raviv and
Reis (2015). All of the specifications are normalized so that they intersect at the point
corresponding to average inflation and average seignorage between 1960 and 2013.
While the U.S. observations are almost all for single-digit inflation, the figure extrapolates
the models all the way to an inflation rate of 30%. The point is that there is tremendous
uncertainty about how annual seignorage will change with inflation. It is very hard to predict
what would happen to the solvency of the Fed if there was run-away inflation. Simply,
we don’t know by how much the holders of US currency (many of whom are foreigners)
would lower their dollar holdings, and at what point they might switch to other currencies
completely.
4.3 Solvency-driven inflation indeterminacy
The intertemporal budget constraint of the central bank in equation (5) becomes:
PV (d) ≤ at
pt(r + pi + δ)
− vt + ctL
(
pi + g
r − g
)
(6)
under the following set of assumptions. First, that inverse velocity ht/ptct is constant at
L and that the real interest rate, growth rate, and inflation rate are fixed at r, g, and pi,
respectively. Second, that the portfolio of assets of the central bank consists of zero-coupon
nominal bonds with a maturity distribution that is approximately exponential with average
maturity 1/δ. Third, that we can approximate the time intervals to continuous time.
This expression shows that permanently higher inflation, on the one hand, lowers the
real value of the nominal bonds that the Fed holds while, on the other hand, it increases
the present value of seignorage. Depending on the size of the balance sheet of the Fed (vt),
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either the right hand-side can be always positive for positive inflation, or potentially it can
be negative in a range between two levels of positive inflation (pi∗, pi∗∗).
In that case, we can turn the study of solvency into a model of inflation. If the central
bank is committed to stay intertemporally solvent, then only inflation rates outside of the
interval (pi∗, pi∗∗) are consistent with an equilibrium. If the central bank is commanded by
the fiscal authorities to deliver a particular level of dividends, say zero for simplicity, then
there are two possible equilibria, pi∗ and pi∗∗. Exploring this possible multiplicity of equilibria
further is a worthwhile pursuit for future research.
5 Conclusion
A recent wave of work clarifies that central banks can become insolvent as long as they are
independent and do not have full fiscal support. A central bank is insolvent if it tries to run
a Ponzi scheme on its reserves, banks no longer want to hold them, they become worthless,
and the price level becomes infinity. If the central bank enjoys fiscal support in the form of a
dividend rule whereby it pays out its net income every period, including when it is negative,
it can never become insolvent independently of the fiscal authority. While fiscal support
is easy to implement in theory, it requires commitment from the Treasury to sometimes
transfer funds to the central bank.
Without full fiscal support, this note distinguishes between intertemporal insolvency,
when the present value of dividends is negative, rule insolvency, when the central bank
cannot stay committed to the rule for dividends in its charter without reserves exploding,
and period insolvency, when there is one period of negative net income. Studying period and
rule solvency requires studying dividend rules and sources of risk to net income. Studying
intertemporal solvency requires tackling the difficult challenge of measuring how large the
present value of seignorage is and how it varies with inflation.
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